The solvent free oxidation of benzyl alcohol was conducted employing Au and Pd supported catalysts, while utilizing hydrogen peroxide 35% (H2O2) as the oxidant, H2O2 is very cheap, mild, and an environment friendly reagent, which produced water as the only by-product. Various proportions of Au-Pd catalysts on carbon and titanium oxide activated as supports were synthesized through the use of sol immobilization catalyst synthesis technique. Characterization of the synthesized catalysts was performed using X-Ray Diffraction (XRD), Brunauer-Emmett-Teller (BET), Field Emission Scanning Electron Microscopy (FESEM), and Transmission Electron Microscopy (TEM). It was found that the synthesized Au-Pd/ activated carbon catalyst was beneficial for the solvent free oxidation of benzyl alcohol after its containing high surface area measuring 871 m 2 g -1 . Analysis of the TEM data and particle dimension revealed smaller and narrower particle size of 1 wt%. Thus, the distribution of Au-Pd/C was attained. Carbon-supported bimetallic catalysts presented a higher conversion compared to catalysts that are supported titanium oxide (TiO2) for for the oxidation reaction of benzyl alcohol. It was determined that this technique was a suitable process for catalyst synthesis with high selectivity, same distribution of the particle size and activations.
Introduction
Using primary alcohol for the selective oxidation within aqueous stage by using molecular oxygen or hydrogen peroxide as alternatives to their retained ketones or aldehydes is currently viewed as the most industrially viable and sustainable method for producing fine chemicals [1] [2] [3] [4] [5] . Traditionally, oxidation reactions of this nature are conducted with the use of varying quantities of oxygen contributors, such as: po-tassium permanganate or chromium oxide. However, given their high cost and toxic environmental effects, these reagents are no longer considered sustainable for producing fine chemicals [6] [7] [8] .
Several studies were conducted to study the possibility of using gold catalyst to produce fine chemicals within the liquid phase. The studies subsequently provided a definition for their utilisation in a specific cationic gold, and it was for the first time discovered as an active heterogeneous catalyst [1] . Metallic gold was previously regarded to be an inactive catalyst for synthesising fine chemicals [9] . However, a noteworthy catalytic behaviour of gold has recently discovered. This discovery displays that the catalytic activity of gold is related to the formation of the small particles due to the lack of ability of the larger particles to perform chemical absorption for the unique reactant molecules to any extent [10, 11] . It is known that the Au-based catalyst is highly effective in alcohol oxidation [12] . Furthermore, gold catalyst was determined to be an active oxidant for alcohols containing O2 [13] . Among the broad range of metals that were previously examined as alloys, palladium and gold were considered as the most interesting alloys due to their unique catalytic characteristics [14] .
Various studies have recently made use of the bimetallic gold-palladium catalysts to serve as accelerators for producing fine chemicals reactions, such as the oxidation of alcohols to produce their respective aldehydes or ketones [15, 16] , synthesising of H2O2 [17] , the synthesis of vinyl acetate (C4H6O2) [18] , and the hydrogenation reaction of unsaturated compounds, among others. Current studies have demonstrated that utilising a secondary metal component such as Pd to enhance the Au catalyst's lifetime could be helpful in terms of selectivity and activity for various reactions [7, 19] . Thus, the addition of Pd to Au catalysts produces durable catalysts that are capable of remaining very active during the process of direct synthesis [20] . This paper focused on the use of active Au-Pd catalysts once supported by TiO2 and once more by carbon for the purpose of benzyl alcohol oxidation with the advantage of oxidation reaction without adding solvents. Also, we used H2O2 as an environment friendly oxidant for benzyl alcohol oxidation reaction in comparison to using permanganate and dichromate, as well as conducting a detailed characterization study of the used materials in the experimental aspect of this research. The catalyst, which was synthesized, was tested for its efficacy, which was found positive in the reaction media.
Materials and Methods

Materials
Activated carbon (Draco-G60) PdCl2, TiO2 (Degussa, P25), HAuCl4.3H2O, NaBH4 (>96%), and polyvinyl alcohol (PVA) (molecular weight Mw = 9,000-10,000 g/mol 80% hydrolyzed) were procured from Aldrich.
Sol immobilization method
The sol immobilization technique was utilized to synthesis a range of catalysts formed by mono Au or Pd, and bimetallic catalysts based on Au-Pd [21, 22] , over supported TiO2 and activated carbon (Draco-ag60, Aldrich). Aqueous solutions of PdCl2 and HAuCl4.3H2O having the desired concentrations were prepared. Polyvinal alcohol (PVA) having (1% weight solution) was then supplied to the solution previously prepared. A newly prepared 0.1 M NaBH4 solution then was mixed to synthesize a dark brown sol. Thirty minutes later, generation of the sol immobilisation of the colloid was done through addition of the support material (titania and carbon) and the sulphuric acid together under intensive stirring to achieve a pH of (1) (2) (3) . Computation of the required stoichiometric quantity of the support material was done. Then, the whole metal oxide loading having 1 wt% was generated. The catalyst slurry produced from this process was filtered before being thoroughly washed with 2 L of distilled water. Then, it was oven dried at 120 °C for 16 h. For the monometallic catalyst, the required metal loading (1% wt total metal) was adjusted as needed by altering the aqueous metal precursor's volume. The mentioned procedure above was then done again the same way.
Catalytic activity for oxidation reaction
The reactions took place in a glass reactor of (30 mL) that had been supplied by a reflux condenser. The reactor was excited in an oil bath and simultaneously subjected to intensive stirring. In a traditional preparation method, hydrocarbon (e.g. 10 mL benzyl alcohol) is mixed with the required amount of catalyst in a round bottom flask. H2O2 was then added as the oxidant. The resulting mixture underwent vigorous stirring and heating at the desired temperature for 4 hours and in an atmosphere.
After the reaction was completed, a centrifuge was used to remove the catalyst from the reaction mixture. The products were identified and analysed using gas chromatograph flame ionisation detector (GC-FID) and gas chromatograph mass spectrometer (GC-MS). After the reaction was completed, 500 μL of acetone was added as an internal standard to the reaction products. The reaction products did not react with the internal standard, which is eluted from the column for regular periods of time. Then collected 0.5 μL of the reaction mixtures by direct injections to be analyzed using Gas Chromatography (GC).
Using the internal calibration curve and the acetone as an internal standard, the catalytic data for reactions were calculated. Also the carbon balance of the reaction was determined by the means of the Internal standard. For purpose of calculating the calibration factors (CF) for both standards, we used Equation (1), where the concentration and mole (mole %), were determined according the GC analysis results in the area of substrate and products. To obtain the calibration curve for benzyl alcohol, the concentrations of benzyl alcohol have been used, where the calibration factor calculated as it is shown in Equations (1) and (2).
The quantity of consuming reactants and the generating products were calculated using Equations (3) and (4) as conversion and selectivity. 
Catalyst characterization
A UV spectrometer (UV-1650 PC SHIMA-DZU B) was used to carry out the ultraviolet visible spectra of the synthesised sols in H2O within the 200-900 nm range in a quartz cuvette. A Kratos Axis ultra DLD spectrometer was used to record the X-ray photoelectron spectra with the help of monochromatized Xray source for Al and Ka. It utilised the analyser pass energies of 40 eV for detail scans and 160 eV survey scans.
The transmission electron microscopy (TEM) analysis was utilized to determine particle size and was conducted with the use of a (Hitachi H-7100, Japan) microscope operating at 80-200 kV. Samples of the catalyst powder were distributed in ethanol through an ultrasonic bath that operated for 15 minutes. Field emission scanning electron (FE-SEM) (JEOL-FE-SEM model JSM 7600F) was used to determine the morphology of the catalyst samples at a quite high degree of magnification and utilizing the field emission current. The BrunaureEmmett-Teller (BET) surface area analysis method (Micromeritics ASAP2010) was later utilized to conclude the overall surface area of the catalyst. The analysis was conducted with the multi-point nitrogen gas adsorptiondesorption isotherm (-196 °C) given a pressure variety of 0.07<P/Po<0.3. The Shimadzu diffractometer (model XRD 6000) was used to analyse the X-ray diffraction (XRD) through the use of Cu-Kα radiation (kW and 30 mA) and given a wavelength (λ) of 1.54A. This was conducted over the 2θ range for 10° to 80° given a 0.04 o step every time and a screening speed equal to 2 min/degree. The DebyeScherrer's equation was then used to calculate the crystallite sizes of the catalyst samples.
Results and Discussions
UV-vis spectra of colloidal sols
Characterisation of the colloidal sols (prior to immobilisation on a support) was performed using the UV spectrometer in H2O given the range of 200 and 900 nm. The location and strength of the Plasmon resonance band of the metal nanaoparticles were determined using a quartz cuvette. For the pure Au sol band, the resonance band was set at 450 nm, while the resonance band of the Au and Pd mixture was set at 350 nm and 500 nm, as shown in Figure  1 . The Au sol's ultraviolet-visible spectrum was recorded and it demonstrated a total reduction in terms of the Au(III) species [21] . The presence of the Plasmon resonance that was seen at 500 nm is considered a characteristics of the gold nanoparticles that have particle dimensions that are smaller than 10 nm [19, 23] .
The disappearance of the gold surface band was observed by studying the spectra that was produced by the mixture of the sols of
the two metal Au-Pd nanoparticles. Furthermore, the study confirmed the UV-visible spectrum of Au-Pd sol, which demonstrated a decrease in the absolute (AuCl -4 ). The UV-vis spectr for the mono and bimetallic sol agree with the data that was published previously by [19, 23] . Figure 2 presents the TEM images for the dried 1 wt% Au-Pd/TiO2, and 1 wt% Au-Pd/C samples after calcination in open air at 250 °C for 3 h. Assessment of the distribution of the particle dimensions of the organized catalyst samples were conducted utilizing the TEM characterisation method. The histograms derived from the particle dimension dispersal are presented in Figure 3 . The image-J software was used to measure the particle size distributions, which were computed based on the particle dimension analysis and TEM data. It was able to achieve smaller and narrower particle dimensions for the 1 wt% Au-Pd/C distribution. This agrees with the results presented by Dimitratos and co-workers [24, 25] . Also, for carbon supported Au-pd colloid, the mean particle sizes were 5.5 ± 0.9, while the mean particle sizes were 14.2 ± 0.9 nm for Au-Pd supported titanium. Compared to that of carbon, the study observed a minor rise in particle dimension after colloid was immobilized on TiO2.
Transmission electric microscopy analysis (TEM)
FESEM and EDX analysis of the catalyst samples
EDX and FESEM were conducted on the samples of the synthesized catalyst so that the composition and the surface morphology of the elements in the catalysts can be studied, respectively. Figure 4 (a) and (b) showed the electron micrographs of Au-Pd/TiO2 and Au-Pd/C catalysts, respectively. The micrograph illus- trated that both catalyst samples, the nanoparticles were well dispersed on the surfaces of the titanium oxide and activated carbon. The two images also revealed that the catalyst particles were distributed homogenously as a result of the small size of the particles of the Au-Pd. A small disparity was observed in the distribution of the particle size between samples of AuPd/TiO2 and Au-Pd/C. Au-Pd/C exhibited a better and more homogeneous particle size distribution, which is believed to be a result of the smaller particle size of the carbon support. Figure 4 presents the EDX spectra that supports the existence of Au-Pd/TiO2 and Au-Pd/C. Table 1 presents the textural characteristics of the catalysts that have supports. The samples of the catalyst were degassed at 150 • C for 10 h so that contaminants, like CO2 and water are eliminated before analysis. It was establish that the 1 wt% (Au-Pd)/C catalyst had a pore volume of 0.8107 cm 2 g -1 , a pore radius of 1.86 nm, and a total surface area of 870.06 m 2 g -1 .
Brunauer-Emmet-Teller (BET) surface area analysis
On the other hand, samples of 1 wt% Au/TiO2 catalyst were observed to have a pore volume 0.273 cm 2 g -1 , a pore radius 10.32 nm, and a total surface area of 52.99 m 2 g -1 . Pore volume and surface area could be dependent on the strong interactions and support between 1 wt% Au and the 1 wt% Pd and supported carbon [26] . For the 1 wt% (Au-Pd)/C catalyst, the large surface area was ascribed to carbon support, whose surface area is known to be considerably larger compared to TiO2. The catalyst's surface area contributes to that catalyst's activity during a chemical reaction. Thus, it was found that 1 wt% (Au-Pd)/C catalyst showed more activity compared to the 1 wt% Au/TiO2 catalyst. Figure 5 shows the X-ray patterns for the catalyst samples of the synthesised 1 wt% (AuPd)/C and 1 wt% (Au-Pd)/TiO2. An X-ray machine was used to achieve these patterns (Shimadzu model XRD 6000). The patterns obtained from the powdered materials were achieved utilizing Cu-Kα emission. This was created using the Philips glass X-ray tube that was in extensive operation at 30 mA and 30 kV. For the dynamic carbon phase and palladium, the pattern took place at 2θ = 26.4° and 38.5°, correspondingly. Alloys of Au/Au-Pd were found to exist at 2θ = 44.4°, 64.39°, and 77° (JCPDS card No. 00-001-1174). For 1 wt% Au-Pd/TiO2, the diffraction peaks were observed at 2θ = 38.04° and 49.15° for Au and Au-Pd samples and (JCPDS card No. 00-001-1172) for the Au/Au-Pd alloy, respectively. The diffraction peak was at 2θ = 54.15° for TiO2 and 2θ = 77° for Pd. Because gold is cubic in nature, entirely the samples detected were exhibited cubic crystal shape system.
Structure and crystallography
Activity of Au-Pd/C and Au-Pd/TiO2 catalysts prepared by the sol immobilisation
The utilisation of the Au-Pd catalyst for benzyl alcohol oxidation was examined using H2O2 as the oxidant. As shown in Figure 6 , there is a clear rise in the benzyl alcohol transformation upon the addition of Pd to the Au catalyst supported on carbon. Sol immobilized catalyst showed the better activity in the reactions of benzyl alcohol oxidation, and that could be explained due to the intense synergy of particle size in addition to the inherent readiness of oxidation due to the nature of the distribution of the particles which is crucial [25] .
Carbon demonstrated higher surface area in the structure of Au-Pd alloy, which is offering a superior metal dispersion compared to TiO2, where this feature could boost the tendency to form the comer/edges sites. As a principle, it is not sufficient for particle size or alloy structured type in separate to show the catalytic activity pattern, even though, the outstanding activity could be extracted from multi causes such as the surface composition of the bimetallic catalyst and the metal dispersion on support. Moreover, less amount of benzoic acid generated could be happening due to the restricted function of TiO2 in radical-related reaction.
TiO2 may capture hydroxyl ( • OH), perhaps by absorbing them into the layer of its surface oxide [27] . In another word, the morphology and structure of the catalyst played a vital role 
in the activity. The metal in the metal supported reaction affects the particles size and shape, where this with no a doubt would motivate different activities and would make all compounds that used to prepare the catalyst are productive. As a consequence, it is very important to control the shape and size of particles during the catalyst preparation ( Figure 3  and 4) . For sol immobilization preparation, adding Pd to Au supported on carbon led to the small particle distribution that caused rising the activity comparing to catalyst prepared using the impregnation procedure. As a result, this study demonstrated that Au-Pd catalyst supported carbon had TOF (137.4 h -1 ) that provided the highest performance after 4 hours of oxidation reaction. The mono Au catalyst was not very active, in fact it showed poor activity for promoting disproportionation of toluene. Whilst, mono Pd catalyst has more effective nanoparticles for both processes. Though, more toluene formation higher than oxidation has occurred when extended period. The bimetallic Au-Pd catalyst revealed higher catalytic activity, it is recognized that this reactivity is a result of the small gold nanoparticles; their penetration with support texture is also paramount [28, 29] . Moreover, it is found very useful to use the electron microscopy for extra details to explain the issue.
For this reaction, the major products synthesised were benzaldehyde followed by the formation of benzoic acid as a result of overoxidation [30] . In terms of the bimetallic AuPd/TiO2 catalyst, a decrease in the selectivity of benzaldehyde accompanied the conversion enhancement. This is a result of the distinct properties of every Au/TiO2 and Pd/TiO2 monometallic catalyst. One can then conclude that the alloyed Au-Pd/TiO2 bimetallic catalyst phase results into a higher combine effect that is observable from the XRD outcomes that are presented in Figure 5 (a). Selectivity improvement took place in terms of the bimetallic goldpalladium alloy catalyst. For the bimetallic catalyst, maintaining its selectivity was almost less than that of the palladium or pure gold mono catalyst (Table 2) .
With regards to the activity, higher activity was associated with the bimetallic Au-Pd catalyst compared to mono Au or Pd based on the TOF value. The results pared with the titanium, which could be because of the positive effect created by small nanoparticles size on the catalytic activity [31] . Au-Pd catalyst backed by TiO2 1 wt.% (AuPd)/TiO2 was the most selective catalyst for benzaldehyde formation, which also showed higher selectivity (83.9%) but with a little lower transformation than with carbon supported catalyst. The high activity in sol immobilized catalyst in benzyl alcohol oxidation reaction was observed to be linked substantially to AuPd particle size effect, particularly their distribution which has had more importance than the effect of oxidation state [32] .
The obtained results also revealed that an increase in selectivity was shown by both bimetallic catalysts towards benzoic acid production. Therefore, it was clear that the selectivity increase was greater with 1 wt% (Au-Pd)/C, which indicates that benzoic acid is produced due to over-oxidation of benzaldehyde during the reaction. These results demonstrate how important it is to select the correct support for the metal nanoparticles catalyst. Some dissimilarities could be seen in the selectivity and catalytic actions between the catalysts, which could be due to the interaction of catalyst support as well as the influence of the shape of metal particles.
Effect of reaction time
A perfect desired reaction can be guaranteed with optimum duration for the reaction to occur. The impact of time with the Au-Pd catalyst support titanium and carbon on the benzyl alcohol reaction catalyst oxidation is presented in Figure 7 as follows: various time intervals were considered to study the reaction as well as to analyse the impact of time duration on the oxidation reaction of benzyl alcohol. With passing time, a gradual increase in the conversion was seen. We recorded the reduction in selectivity towards benzaldehyde, which was because of the consecutive oxidation occurring for the desired product, i.e. benzaldehyde. A peak conversion of 30.7% is reached after 8 hours along with 81.4% benzaldehyde selectivity. However, an optimal duration of 6-hour reaction time was chosen to achieve a significant conversion of 28.5% for benzyl alcohol and 84.9% selectivity to benzaldehyde simultaneously.
Impact of heat treatment process
To improve catalyst performance, heat treatment or thermal activation is considered a crucial process. Clear effects on the metal were observed due to the heat treatment, with regards to morphology of particle surface, particle size distribution and metal distribution on the support [33, 26] . Three different thermal activation procedures were employed for the 1 wt% (Au-Pd)/TiO2 catalysts sample: (i) a tem- perature of 250 °C was set to thermally activate the dried 1 wt% (Au-Pd)/TiO2 along with nitrogen flow of 3 hours, at a rate of heating of 5 °C/min; (ii) a temperature of 250°C was set to thermally activate the dried 1 wt% Au-Pd/TiO2 under hydrogen flow for 3 hours, at a heating rate of 5 °C/min; (iii) a temperature of 250 °C was set to thermally activate the dried 1 wt% (Au-Pd)/TiO2 in exposed air flow for 3 hours, under the heating rate of 5 °C/min. Under flow air conditioning at a temperature of 250 °C, the impact of thermal activation was assessed for the 1 wt% (Au-Pd)/TiO2 sample as demonstrated in Figure 7 . A substantial rise in the particle dimension from lesser (3.5-3.9 nm) to bigger (8-10 nm) was observed, while the distribution of particle size became more prevalent as presented in Figure 3 .
In this study, the sol-immobilisation technique with protecting agent of (PVA) and NaBH4 as reducing agent to Au-Pd precursor was employed to produce the catalyst Au-Pd supported on titanium oxide and carbon. To the synthesised catalysts, thermal activation was applied to remove a major chunk of the protective agent (PVA) from the metal surface, subsequently leading to a momentous improvement for access to the gold-palladium's surface area. Furthermore, the thermal activation would also have an impact on the distribution of the metal particle size. Table 3 lists out the obtained results from different thermal procedures. An increase in conversion resulted in a decline in benzaldehyde selectivity. While, on further increasing, selectivity could be observed towards benzoic acid. After the reaction develops, the highest value was achieved with the selectivity to toluene, and on further increasing the conversion, the selectivity started decreasing. Table 3 clearly lists out the thermal activation with regards to the performance and use in all cases. A significant impact of the gas flow nature employed in the thermal activation was seen on the products distribution with the synthesised materials employed as catalysts to allow oxidation of benzyl alcohol. Utilising airstream gave the best performance (indicated by TOF), followed by hydrogen gas and then nitrogen gas. The contact amongst the metal could increase the activity. Variations in the catalyst's physico-chemical properties could be induced due to the impact of thermal activation. These include morphology, particle size, metal dispersion on the support, generation of the active site, degree of alloying, stability and catalytic performance [33] . Change in the number of gold sites producing toluene could result in the increase of thermal treatment procedure, which could be attributed to the removal of the remaining polymer that was earlier blocking the active sites of gold [34] . Furthermore, the hydrogen presence on the gold surface was confirmed with the realization of toluene as a result of hydrogenolysis of C-O bonds in benzyl alcohol. Besides, the available gold superficial area was enhanced due to heat treatment or thermal activation, which, during the reaction, could result in a rise in the quantity of Au-H species [35] .
Possible reaction mechanism
In Figure 10 , a comment is warranted by the chemistry involved in the formation of benzaldehyde. In this new science, selectivity and mechanism are prominent features that must be well understood to help in fine tuning and designing the catalyst. It is thus crucial to understand all reactions that could be parallel or consecutive, which remain active in the overall transformation. This sometimes can result in side-products and also a lower selectivity towards the product of interest [12, 13, [36] [37] [38] .
Various reactions are involved in the reaction with benzyl alcohol, which depends on the conditions of the reaction and the type of catalyst employed. So far, oxidation reactions have been reported to form benzoic acid, benzaldehyde and benzyl benzoate [31] . Firstly, direction oxidation of benzyl alchohol to bezaldehahyde, benzoic acid and benzyl benzoate [31] . The essential demanded process is the selective oxidation of benzyl alcohol to benzaldehyde, and the essential side reaction is the selfdisproportionation to synthesize benzaldehyde and toluene under the given conditions used by Hutiching and co-workers [39] . Secondly, pair of benzyl alcohol molecules witnessed selfdisproportionation to synthesis benzaldehyde, toluene and water, toluene and benzaldehyde were noticed in almost equal amounts, where toluene has had a chance to be formed when the reaction was conducted in equivalent circumstances [40] .
Further, in case of catalyst showed activity towards dehydrogenation, then an increasing in toluene formation has occurred due to the growth in hydrogen surface, where the reaction produced toluene as another main product [40] . Thirdly, dehydration for dibenzylether formation [41] . Fourthly, forming anthracene and stilbene due to benzylation (self-condensation) [42] .
Comments on the mechanism
Our observation confirmed by previous literatures that, benzyl alcohol has the ability of transforming under non-oxidative conditions into mixture of equimolar benzaldehyde, and toluene points to a disproportionation mechanism in which both products are formed by a transition state obtained from the participation of the catalyst surface by a pair of molecules of the alcohol [40, 43] . The microscopy results of Au-Pd catalyst particles using various supports have not remarked a clear differences At the start of oxidation reaction, toluene was one amongst the product compounds employing 1% Au-Pd catalyst supported by TiO2, which was prepared via sol immobilisation. Toluene can be formed despite the existence of TiO2 as catalyst support, which suggests the decisive factors involved in controlling the catalysis at disproportionation reaction, i.e. the acidity/basicity or the catalytic surface. The C-O bonds in benzyl alcohol need to be cleaved to produce toluene. When compared with the carbocation chemistry, this could probably promote acidic environments and inhibition under basic conditions, in which the preferred O-H cleavage is predicted.
If acidic substances are associated with the Au-Pd catalyst particles, toluene is preferred via disproportionation. However, this will never occur if the employed initial supports fit into this simple view. In such a condition, catalytic relevant sites can be identified near the metal particles' periphery, where metal and support surfaces are completely in close contact [40] .
Conclusions
Gold palladium monometallic and bimetallic catalysts were effectually synthesised by deploying the sol-immobilisation technique. The catalytic performance of synthesising catalysts was put to test for determining the impact of H2O2 as an oxidant for benzyl alcohol's solventfree liquid phase oxidation. The solimmobilisation catalyst synthesis approach led to Au-Pd catalyst supported on carbon and titanium oxide with nano crystalline materials and show higher activity.
Quite narrow metal particle dimension disseminations, which exhibited remarkable catalytic activity that was much more improved compared to those earlier synthesised using other approaches like the impregnation technique. Catalyst support is a key consideration during preparation of the catalyst, considering it impacts the surface area as well as particle size distribution of palladium and gold catalysts. This study used two catalyst support (TiO2 and C). Carbon supported Au-Pd demonstrates improved catalytic activity with regard to solvent-free oxidation, because of the huge superficial area of carbon supported catalyst in comparison to titanium supported catalyst. Furthermore, heat handling of the synthesised catalysts significantly impacts the particle dimension distribution as well as catalytic activity.
